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1. Introduction. 


In a dictionary printed in 1883, the first two words of the heading had almost the same 
meaning: a dug out hollow. Today, the word “cavitation” is used in hydrodynamics for 
the formation of empty spaces in water. The word “cavity” is used presently for such 
an empty space. 

Flowing water will form such cavities wherever a considerable tension would be required 
of the water. (A tension here means a negative pressure.) Such cavities in flowing water 
may be large and have clear boundaries. Strictly speaking, the cavities are not empty, 
but filled usually with vapour or air. 

In water at rest, small cavities will be formed when the pressure goes below the vapour 
pressure, which for instance is approximately 0.02 of atmospherical pressure at 15 
degrees C. These cavities will be like the bubbles in boiling water. The size of the 
bubble depends on the pressure of the water and the vapour and on the length of time 
in which the bubble is allowed to grow. 

Bubbles will also be found in flowing water, especially at or near places where larger 
cavities may be observed under some speeds and pressure conditions. If a bubble arrives 
with the flow at a region where the water pressure is higher than at the place of its 
growth, it will collapse in a very short time if the pressure difference is sufficently high. 
The wall velocity will then become extremely high, and if the bubble collapses close 
to a solid surface, a high pressure will arise between the bubble and the solid surface. 
This local high-pressure can, on a surface like a propeller blade, make a tiny depres- 
sion or a crack. The effect of a huge number of bubbles collapsing at the surface over 
a long period, may be that parts of the surface are destroyed, and thus show the 

This classical explanation is not the only one, and we shall consider that later on. 
We shall also see that cavitation in the water is not always followed by a noticeable 
erosion. 


2. The observation of propeller erosion. 


a) The most typical erosion we may find at a blade surface has “caverns” and shows 
such a ruffled surface over a limited area. The depth of the caverns may be, say, 1/4 
of an inch for a width of the area of 4 inches after, say, three years of service for a 
merchant ship propeller of the most common materials. (Fig. 1A and fig. 1B.) 

b) A “porous area” may be observed. That may be an early state of the first mentioned 
type, and it is then observed at the border of the more severe erosion. This is not, how- 
ever, the case of all materials, and the surroundings of a severe erosion may then look 
unattacked and with sharp edges. 

Porous areas may be found on screw propellers of merchant ships having less than one 
year of service. 

c) A few “worm-eaten” looking cavines, having fairly smooth bottoms and sharp 
edges, and sometimes there are holes right through the blade, may be seen especially 
aft of the leading edge and near the tip of the propeller. (Fig. 1C.) 

d) “Pit-holes’”, small but of some depth, are commonly seen outside, but near areas 
with marked erosion. Sometimes a huge number of pit-holes are distributed over a 
large part of the blade. (Fig. 2). 
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Fig. 1A. Cavitation erosion on suction side of 
propeller. 


Fig. 1B. Back-erosion. 


Fig. 1C. Leading-edge back-erosion. 


Fig. 2. Tanker screw blade, showing “caverns” 
and “‘pitholes’” on suction side. 
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Fig. 3A. Medium tanker, suction side, 
welded-on tip. 


“Sandy” or “rough” erosion in 3A & 3B. 


Fig. 3B. Small high-speed coaster, pressure 
side. (Suction side had same appearance.)— 


e) “Sandy” or “rough” is a common appearance of the blade. (Fig. 3). The last type 
may appear as a slight roughness within one year of service. 

The types of erosions we have mentioned seem to appear in a sequence in reverse to 
that above. 

The appearance of the erosion is slightly different on the various materials. On brass- 
bronze all types are seen with the fore-mentioned degree of erosion. On chromium 
steel the “worm-eaten” looking and the “sandy” looking types have not been observed. 
On ordinary cast iron the “worm-eaten” type may show an enormous amount of erosion 
after only six months of service. On plain steel the “cavern” type may have grown to such 
an extent and depth after only a few months of service that any earlier types of erosion 
cannot be reported. 

We may have mentioned erosion types that are possibly chemical corrosions. The two 
latter types are most likely due to chemical actions, of which a cavitation state of the 
water may, or may not, be an accelerating factor. This can be the explanation for the 
pit-holes on the pressure side (Fig. 4), as these are arranged in parallel rows and not 
along the flow lines of the water of working propellers. 


Fig. 4. Tanker screw blade, pressure side, 
Pitholes due to chemical corrosion. 
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One state we have not mentioned, is heavy dezincing of 
brass-bronze, and the responsibility for this we will cer- 
tainly place on chemical corrosion. In the earliest state 
dezincing appears as a darkening of the colour, but later 
the blade surface appears coarse, crystalline and wavy. 
(Fig. 5.) One state which is also typical of chemical 
corrosion is the non-corroded marks from paint splashes 
(Fig. 6). Also we mention, uneven corroded areas due 
to an incomplete chalk-film obtained during the fitting- 
out period. 

On the other hand the most typical erosion mark, which 
we first mentioned, cannot be reproduced by chemical 
corrosion alone, but needs the special conditions of ca- 
vitation to appear. Enlarged cut-away views show the 
special cavitation-erosion features, as for instance the 
deep pits. (Fig. 7.) 


3. Cavitation-erosion mechanics. 


We can study a vast amount of research, having da- 
mage on all sorts of hydraulic equipment in view. 

a) First there are experiments in which the water at rest 
is subjected to a high frequency oscillator, causing cavi- 
tation bubbles to appear and collapse in the beat of the 
frequency. High speed cine photography or single flash 
exposures show the actual state of the bubbles. The size 
and rate of growth of the bubbles are related to the 
amplitude and the frequency. 


b) In the rotating-disc experiment, the water between 
two rotating discs is subjected to centrifugal forces, and 
its ability to stand tension is tested. The surface tension 
can, in certain circumstances, be considerable, especially 
for small vapour bubbles, and this prevents the cavita- 
tion starting until the pressure reaches a negative limit. 
From these two experiments and similar tests, values are 
obtained for the negative pressure difference which can 
make a small bubble grow, and it is found that such 
nucleus bubbles of at least the order of magnitude 0.01 
mm. in diameter, must exist in the water if any notice- 
able cavitation should appear at or above zero pressure. 
Still smaller bubbles are stable with respect to the va- 
pour cavitation, but can grow slowly by dissolution of 
the air in the water. Naturally these small bubbles will 
not be able to expand sufficiently in, for instance, the 
short time in which a propeller blade passes the stern. 


Fig. 5. “De-zincing”. 


Fig. 6A. Uneven corrosion after paint 
splashes. 


Fig. 6B. Uneven corrosion after paint 


splashes. 


Cut-away view of eroded 
propeller blade. Scale A: 
16X and B: 300X. Fig. 7. 
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The preservance of such nucleus is not completely proved, but from a naval architect’s 
point of view it is very likely that a rough sea mixes ample amounts of air into the 
water; that air bubbles are dragged beneath the bottom of the hull and arrive at the 
propeller by the flow of water; and not forgetting, nucleus can arise from the discharge 
of air, hot water and steam from the engines. Finally also, organic substances may 
play a part in the preservance of such microscopic air bubbles. 

By using the first mentioned experiment technique (and other methods), actual damage 
from collapsing bubbles can be shown. Also the relative resistance to cavitation- 
erosion for different materials has been investigated, and hardness and fatigue strength 
seem to classify the materials. Concerning the fatigue strenght, tests in corrosive salt 
water show low values for most of the common materials, and thus offer an evident 
entrance for the investigators who claim that all damage is connected with chemical 
corrosion. Tests do, however, show cavitation-erosion marks already following, say 
5,000 impacts. This is too low a number of cycles to agree even with a low fatigue 
strength. Possibly we should add here that static stress-corrosion may probably also 
produce cracks at cavitation conditions. Furthermore, at the spot where the bubble 
impacts, cold worked material will attain a higher potential than the adjacent material. 
Destruction of protective surface film may also give conditions liable to chemical 
corrosion at the unprotected spots. Anyway, chemical attacks cannot explain cavitation 
on metals in neutral oil, or on non-metallic materials in water. 

The water-hammer effect, as the classical explanation for cavitation, certainly has its 
limitation, and a question arises as to whether a bubble can do any harm when 
clinging to the surface. In fact the pure mechanical water-hammer effect is probably 
only proved for small bubbles which collapse just above the solid surface. 

The life history of cavities is photographed by Knapp (Ref. 2) in experiments with 
torpedo-like bodies (Fig. 8). We have a corresponding description in the first chapter. 
He assumes the cavitation erosion to be entirely caused by travelling bubbles. It is only 
if the pressure upstream has been low enough that the bubbles may have grown to a 
size which can bring on powerful collapse. (Ref. 3.) A large number of other bubbles 


Fig. 8. High-speed cine photo 
of cavitation bubbles. 30000 


frames pr. sec. 


Fig. 9. Cavitation on a torpedo-shaped body, forming a 
“partly-filled cavity’. Pulsations at a high frequency by 
pressure-shocks at ends of cavity. 
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are present but do not do any harm as they are either too small, too great, or too far 
off the surface. 

On the basis of the results of these experiments Knapp did some calculations. He 
used the theory given in 1917 by Lord Rayleigh (1) for: the time taken by a spherical 
bubble to grow, and the size reached in a definite time interval; and also the process 
of the following decrease. It was shown experimentally by Knapp that the period of 
decrease may take such a short time that it may be termed a collapse. Again we must 
refer to Knapp’s tests. He has found movements from one end to the other in partly- 
filled cavities as shown on Fig. 9. The movements had a very high speed produced 
by pressure shocks at the end of the cavity. Knapp does not suggest that these shocks 
produce damage directly. May we, however, suggest that these movements supply a 
transport for bubbles—even to the very bottom of a “cavern’’? 

May we also ask whether these movements produce the sound heard in some cases of 
cavitation? 


4. Hydrodynamics of cavitation. 


a) When a free vortex is generated in the water a cavity in most cases appears as a 
clear tube. 

b) For perfect stream-line flow, the boundary form of a cavity can be calculated by 
potential theory. We note that the upstream end of such a cavity must have a tangent 
common with the body, and that the curvature must be convex towards the water. 
(Ref. 4). The aft end of the cavity should, in theory, be nearly at right angles to the 
direction of the main flow. With complete clear boundaries such a cavity is termed 
“pure” or “proper” cavitation, especially when the stream-lines do not join, but aft of 
the obstruction, as it may be observed behind a blunt strut. (Fig. 10). In connection 
with hydrofoils and propellers, proper cavitation is usually called “super-cavitation”. 


PROPER CAVITATION 
BEHIND A CYLINDER 
F1G.10. 


c) In a real fluid such as water, and at a water velocity that will not show proper (or 
super) cavitation, a “partly filled’ state can be observed. The cavitation space may be 
bounded by flow streamlines, which are more or less stable, and here small and large 
vapour bubbles are mixed into the water. The interior of the space is partly filled with 
waterfoam. The conditions may be such that there are vortices running in the direction 
of the flow along the boundaries, and some conditions may give the periodical up- 
stream and downstream movements, as observed by Knapp, and mentioned previously. 
(Fig. 9.) 

d) Large, travelling bubbles appear at a lower velocity of the water. (Fig. 8.) 


5. Cavitation in the water at screw propellers. 


a) The “tip-vortex” cavitation (shown on more figures below) is not considered to be a 
cavitation on the blade itself, but as only a small increase of the propeller thrust may 
possibly start the sheet cavitation, the tip-vortex is an indication of the load and cavi- 
tation danger of the propeller. 

b) The “sheet” cavitation is usually bright and continuous in appearance, and it looks in 
usual tests to be steady. Another name for it is “laminar” cavitation. The cavity starts 
at the leading edge. From the tip vortex it extends more and more inwards along the 
blade with increasing propeller slip. The sheet can extend right across the blade. 
(Fig. 11.) It can, however, often follow the leading edge and transverse only a part of 
the blade chord. (Fig. 12). Isolated strips of sheet cavitation may be observed to origi- 
nate at the leading edge of the middle radii and vanish forward of the half chord. 
(Fig. 13). A sheet cavitation as described here, should be a “proper” cavitation, at 
least in the upstream part of the cavity. (Section 4). 

The cause of sheet cavitation is that the shape of the nose creates a suction. Such a nose 
is not a “shock-free” leading edge. (Fig. 14 A). Some distance aft of the nose ithe 
pressure is higher for the lightly loaded propellers, and the sheet then disappears. 
(Fig. 14 B & C). When (especially by the propeller load increased relatively to the 
static vapour pressure) the sheet can be observed even right across the blade, sheet 
cavitation may be difficult to distinguish from a layer of small bubbles or foam, and 
this means types of cavitation that shall be described below (Type d and f). 


Fig. 11. Sheet cavitation and tip 
vortex. 


(Abbr. Fig. 12 and 13: 
J = advance number.) 


Fig. 12. Sheet cavitation and tip 
vortex. Cav. no. 13.18, J = 0.424. 
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SHEET CAVITATION IN WATER 
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FIG.14. 


ILLUSTRATION OF FLOW-AND PRESSURE - 
CONDITION FOR CAVITATION 


Fig. 15. Super cavitation 
with appearance as_ sheet 


cavitation. 


Fig. 16. Super cavitation. 


Fig. 13. Strips of sheet cavitation. 
Cav. no. 11.23, J = 0.424. 
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Fig. 18. 


of a cavitating propeller. 


Fig. 17. 
on the 
blade. 


c) At a “super-cavitating” propeller the cavity starts at the leading edge, and the 
water completely passes away from the suction side of the blade. The cavitation includes 
the greater part of the blade length. The speed and the propeller loading must be 
very high. 

The appearance can be as for sheet cavitation (Fig. 15), but may, for some propellers 
under certain conditions, have features as for other types of cavitation (Fig. 16). In the 
first case, it should be a “proper” cavitation as described in Section 4. 

d) The characteristic appearance of “burbling” cavitation is an area in an unsteady, 
burbling state. (Fig. 17). This can be numerous small bubbles, shed from a place where 
the suction exceeds bubble pressure. Burbling cavitation is normally observed on the 
back of the blade, and located in the region of the maximum thickness of the sections. 
Medial or high thrust loading is necessary for this type of cavitation, and means that the 
safety-margin to sectional pressure disappears, as shown in Fig. 14. Burbling cavitation 
may be referred to the ’partly-filled” state (in Section 4), and each cavity seems to be 
unstable. 

e) Large bubbles of fair appearance, and in a number across the blade, or at the 
trailing half only, can possibly be explained as a breaking-up of some of the other types 
of cavitation. (Fig. 18). This “bubble-cavitation” is especially observed in small tun- 
nels, and is often identified with burbling cavitation. At high loads the large bubbles 
may appear as if generated in the water between the blades. 

f) Clouds or foam have been observed sometimes at the downstream end and at the 
side of sheet cavitation, and this may be due to an incomplete collapse of the sheet 


Large bubbles on the blades 


Burbling cavitation 
back of a propeller 


175 RPM. 225 RPM. 


SHEET CAVITATION 
LeAnne _TIP VORTEX 


Fig. 19. Simultaneous sheet and burbling 
cavitation. Cav. No. 13.18, J = 0.403. 


275 RPM 

(Exp. to Fig. 20: D = diameter, H = pitch, Fe/F ~ O45 
Z = number of blades, Fa/F = blade area FIG 20 


ratio.) 


Fig. 20. Sheet and burbling cavitation. 


cavitation. The clouds have also been observed at places and at conditions as for 
burbling cavitation, and the clouds or foam are then most likely an apparently weak 
burbling cavitation. 

g) The burbling cavitation often appears simultaneously with sheet cavitation, and in 
an area at inside to and downstream of the sheet cavitation (Fig. 19 and Fig. 20). 


A classification of cavitation ought to give: place of origin, extent, intensity and type 
of appearance. In the following chapters we shall, however, denote the types only by 
place of origin; i. e. we consider: a cavitation beginning at the leading edge to be a 
sheet cavitation, and a cavitation within the central part of the blade chords to be a 
burbling cavitation. 


6. Which type of cavitations in water give cavitation erosion at propeller blades? 

a) The most severe erosions, the “cavern” and the “worm-eaten” types as described 
earlier (in Sections 2a and 2c), are recognized to appear mainly at the site of burbling 
cavitation. Before these marks appear, a porous area may be seen in the same 
position (Section 2b). (This is, however, not always the case.) 

Severe pittings have been observed at propellers which had specific loadings high 
enough to cause burbling cavitation (Section 2c). In an observed case, the pitting was, 
however, distributed over most of the chord from leading to trailing edge, and pittings 


BURBLING 
CAVITATION 
4 
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do not always seem likely to fit in with burbling cavitation as viewed in the cavitation 
tunnel. Mcreover, the first mentioned and most typical cavitation marks have been 
observed a few inches aft of the nose and also near the tip, and here no burbling 
cavitation should normally be present. 

One explanation may be that a propeller blade in passing below the stern, works 
in slow moving water. The blade sections for a time, get high slip, high loading and 
high enough suction to cause burbling cavitation for a short moment over a part of 
the blade. This high loading is most likely responsible for some of the erosion. Since 
a loading like this is, however, not static, the suctions may not become so high as 
indicated by the slip variations. 

Also the variation in wake velocity, measured without a propeller, will most likely be 
less at the disc of a working propeller, provided there is sufficiant clearance to the stern. 
(This is because of the contraction, and also because the highest accelerations will be 
given to the slowest moving water.) Some cavitation tests in a variable velocity field 
(behind an aftership model) did not show clearly, typical burbling cavitation over an 
increased area. An increase of the area of sheet cavitation was, however, evident 
(Fig. 21). 

b) These considerations bring us to the question as to whether sheet cavitation can 
also cause erosion. Since the Second World War, this have been assumed, and has 
been the reason why shock-free entrance sections have come into use. 

Erosion all over the chord from leading to trailing edge, like the observed pitting and 
sand roughness, can only be associated with sheet cavitation (if it is to be associated 
with cavitation at all). 

c) We will agree with the common view as far as to say that a small and weak sheet 
of cavitation alone will not cause a severe erosion. Should a sheet cavitation alone 
cause erosion, it must be due to a very strong suction at the leading edge. 


Fig. 21. Increased sheet cavitation behind an Fig. 22. Sheet and burbling cavitation on propeller 
afterbody ship-model. Cav. no. 10.25. J = 0.425. behind an afterbody ship-model. 
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d) This point of view can be supported by the previously mentioned inspections of the 
propellers pressure-sides. Here some small sheet cavitation should be present in many 
cases. Downstream of the leading edge there is normally, however, no suction, and no 
burbling cavitation. Appropriately the severest types of erosion (a and c in Section 2) 
are never, by the author, observed at the pressure side. Pitting occurs, however, and 
naturally, corrosion marks are common at both sides of the propeller blades. 

e) Considerably more dangerous is the sheet cavitation, if we assume that a combi- 
nation of sheet and burbling cavitation gives most harmful amount of cavitation erosion. 
The sheet cavitation may supply bubbles of vapour to the area of burbling cavitation, 
where they grow larger, and then collapse. Such travelling cavities, we learned from 
Knapps torpedo-body test, would cause harm to the material. Simultaneous sheet and 
burbling cavitation is shown in the Figure 19 for open water condition and in the 
Figure 22 behind a model of an afterbody. The ship propellers corresponding to these 
model-propellers had shown cavitation erosion. 

f) A model propeller of a special material has been run in cloud cavitation in a tunnel 
until erosion marks became visible. (Ref. N.S.P.) This may support the views in the 
present paper. 

g) The fairly large bubbles observed in some cases, will not, however, suit the 
theory of damage by collapsing small bubbles, and an eventual erosion on the 
respective ship propeller must be explained by a scale correction to the cavitation 
picture. 

h) The “super’-cavitation, where the back of the blade is not in contact with the 
water, is not supposed to give any erosion. Such a condition is only applicable to high- 
speed motor-boats. But of course some running at less than full power, i. e. at the 
transition condition, can give cavitation marks. 


7. Design and precaution to avoid serious cavitation erosion. 
There is no reason to believe that the blade area should be reduced far below normal 
practice. The thrust load per unit developed blade area should be held within reason- 
able limits. The usual value of 8 Ibs/sq. inch for a merchant ship propeller, and 16 
Ibs/sq. inch for a naval-vessel propeller will give a guidance of the first order of 
accuracy. One of the reasons why the naval propeller has a higher unit-load, is that the 
blade thickness, in proportion to the chord, is much lower. The choise of unit load for 
different conditions must be related to a tip speed, for instance taking number of 
revolution times diameter, giving a conservative figure of about 1500 ft./min. 
Instead of the tip speed we may use 
7.1) 
where v,_ is the resultant velocity of the water along the blade at, say, 70 % of 
the propeller diam. 

0 is density, and 

q has the dimension of a unit pressure. 
The thrust load (T/A,) taken over the projected area, Ay, and divided by this unit 
pressure q_, gives 


7.2) (T/A, )/q 
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The value we can allow for this non-dimensional unit-load given by 7.2 depends on the 


immersion of the propeller-blade, or more correctly on the static pressure, P; on the 
spot, and is included in the cavitation number: 
7.3) (P, = e)/q 
where e_ is a reduction of the static pressure by the vapour pressure of the water. 
Diagrams of the two expressions 7.2 and 7.3 are commonly used to estimate the danger 
of cavitation. 
Actually the nominator in 7.2, substitutes the more exact value for lowest pressure 
(or the suction) at the back. If we have an unfamiliar design, we ought to calculate 
this suction more exactly, as we are able to do, for each section by the use of the 
circulation and the vortex-sheet theories. We will find that this suction for most of the 
useful sections is approximately given by: 
7.4 AP/qg=08A X C, + 2.5B X 
where C, is effective lift-coefficient, 

t/c is thickness/chord ratio; 
A and B are factors in order of magnitude = unity, but changing to some extent by 
the section shapes and the angles of attack. The lowest A-value is obtained by an angle 
of atttack nearly zero, and obtaining the greatest part of the lift by a suitably curved 
skeleton meanline of the sections. The lowest values of B are obtained by the modern 
fish-form thickness distributions, (Fig. 23). 


The value of the lift coefficient is of large impor- L 
tance, and it is advisable to reduce the value to- \ 
wards the blade tip more than that given by the __| 
lift distribution best for efficiency. Vili \ 

Burbling cavitation can be avoided by such cal- CURVED FISH FORM 
culations as described above. FIG. 23. 

A 
At our present stage of knowledge we should aim ——— 
to avoid sheet cavitation as well as burbling cavi- —— (WU.)JMLZ 
tation. The principle requirement for avoiding 


sheet cavitation is to have a shock-free entrance B. 


to the nose of the sections. (Fig. 24.) When hav- i 
ing for the chord a zero angle of attack and sec- eee 
tions having a skeleton line approximately equal 


to an arc of a circle, and applying the correct 
curvature-correction, we should have obtained a 

nose of shock-free entrance, in the calculation al- W004 
ready done, as far as the theory is correct. 
Shock-free entrance may be obtained by sections 
of other skeleton lines. We cannot, however, use 
the published curvature-correction factors. 

What we have aimed at by the shock-free nose, was to get the meanline here in the 
direction of the local flow, and we remember that the local flow curves up against the 
nose a little upstream of it. 


SHOCK FREE INFLOW 
FIG. 24. 
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Some cavitation-tunnel results also showed the sheet cavitation to be very sensitive to 
the thickness-distribution at the nose, and some designer advocates that there should 
be a sharp edge and a quarter-circle instead of a half-circle. (Fig. 24C). A small radius 
continuing in a wedge may be the most useful in practice. 

So far we have presumably used a wake-velocity, having no peripherical variations. 
In the upper quarter of a revolution the blade, at least at the outer half, gets higher 
loading than calculated. A good check is to assume the wake to be constant over the 
complete screw disc, omitting the radial variation. Naturally, ample clearance to the 
stern should be used, so that the wake can be somewhat smoothened forward of the 
propeller. Large skew-back may have good merits such as to be weedless, for instance; 
but its good merits are not so evident in cavitation, as the smoothening effect on the 
wake may possibly be better for symmetrical blade with a well rounded tip. The wake- 
variations are possibly (and at least partly) the reason why too wide blades have, 
from the author’s experience, not given satisfactory results for single screw ships. 


The present paper has ben read by the author as a lecture at the Technical University of Norway. 


The author must express his gratitude to the institutions that supplied the excellent and original photos 
of propellers tested in their cavitation tunnels. These are, with initials as in the list of Figures: 

N.P.L. — National Physical Laboratory, England. 

K.M.W. — Karlstad Mekaniska Werkstad, Sweden. 

N.S.P. — Nederlandsch Scheepsbouwkundig Proefstation. 
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» 1B. L. Sinclair. — Back erosion. 
» IC. Lb. Sinclair. — Leading-edge back-erosion. 
» 2. Tanker screw blade, showing “caverns” and “‘pitholes’” on suction side. 
» 3A. N.C. A.—i. e. the author. — Medium tanker, suction side, welded-on tip. 
» 3B. N.C. A. — Small high-speed coaster, pressure side. (Suction side had same appearance. “Sandy” 
or “rough” erosion in 3A & 3B. 
4. Tanker screw blade, pressure side, Pitholes due to chemical corrosion. 
5. Hansa p. 546, 1956. — “De-zincing’”’. 
6A.§ Marine propellers, Scimitar, p. 56, 1958. — 
6B. l Uneven corrosion after paint splashes. 
7A.) Cavitation in Hydrodynamics. Paper 18 & 21. — 
7B. | Cut-away view of eroded propeller blade. Scale A: 16 and B: 300X. 
8. Cavitaiton in Hydrodyn. Paper No. 1. — High speed cine photos of cavitation bubbles. 30 000 
frames pr. sec. 
» 9. Cavitation in Hydrodynamics. Paper 19. — Cavitation on a torpedo-shaped body, forming a 
“partly-filled cavity”. Pulsations at a high frequency by pressure-shocks at ends of cavity. 
» 10. Proper cavitation behind a cylinder. — Drawing from: Theoretical Hydrodynamics. L. M. Milne- 
Thomson, p. 291. 
11. N. P. L. — Sheet cavitation and tip vortex. 
12. (K. M. W.) — Sheet cavitation and tip vortex. Cav. no. 13.18, J = 0.424. 
13. (K. M. W.) — Strips of sheet cavitation. Cav. no. 11.23, J = 0.424. 
14. N.C. A. — Illustration of flow and pressure conditions for sheet cavitation. 
15. N. P. L. — Super cavitation with appearance as sheet cavitation. 
. M. W. — Super cavitation. 
S. P. — Burbling cavitation on the back of a propeller blade. 
. M. W. — Large bubbles on the blades of a cavitating propeller. 
. M. W. — Simultaneous sheet and burbling cavitation. Cav. No. 13.18, J = 0.403. 
edrawn f. Schiffstechnik H. 9. p. 157. April 1957. — Sheet and burbling cavitation. 


21.  K. M. W. — Increased sheet cavitation behind an afterbody ship-model. Cav. no. 10.25. 
J = 0.425. 
» 22. K. M. W. — Sheet and burbling cavitation on propeller behind an afterbody ship-model. 
» 23. N. C. A. Rosenberg No. 15, p. 14, 1957. — Curved fish-form of section. 
» 24A.{ N. C. A. Two notes: Induction Factor of free Vortices and Curvature-Correction. 
» 24B.| S. M. T. No. 28, 1954. — Shock-free inflow. 
» 24C. N. C. A. Rosenberg No. 15, p. 14, 1957. — Shock-less inflow-edge. 
SUMMARY: 
Chapter 1. As an introduction the cavitation is defined and explained physically. 


2. Erosion on ship propellers is described and some photographs are given. 

2 3. The mechanics of cavitation is treated, reference to different experiments 
in hydraulic research and to mathematical theory being made. 

», 4&5. Cavity shapes are defined hydrodynamically, and the appearance on the 
model screws are outlined and illustrated by photographs from cavitation 
tunnels. 

6. Views are given on which type of cavitation in the water will give erosion 
on propeller blades, and an assumption is made on the effect of combined 
sheet and burbling cavitation. 

cs 7. Principles are developed for design and for precautions to be made in order 

to avoid serious cavitation erosion. 
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